[1] We constrain the anisotropy associated with a very low velocity province (VLVP) at the base of the Earth's mantle using the SKS and SKKS waves sampling the region. Our selected high-quality data sets consist of 415 SKS and 111 SKKS waveforms for 127 deep earthquakes recorded at distances between 90°and 150°by the seismic stations in three temporary broadband PASSCAL seismic arrays: the Kaapvaal seismic array (1997)(1998)(1999), the Tanzania seismic array (1994)(1995), and the Ethiopia/Kenya seismic array (1999)(2000)(2001), as well as the permanent stations in the Global Seismographic Network. These seismic data provide good sampling coverage for some portion of the VLVP and its surrounding areas. Our results show, when the SKS or SKKS phases sample the regions away from the border of the VLVP (inside or outside the VLVP), the apparent splitting parameters inferred from the SKS phases are consistent with those inferred from the SKKS phases, and their variations strongly correlate with seismic stations but not with the exit points at the core-mantle boundary of these seismic phases. However, when the SKS or SKKS phases sample near the border of the VLVP, the apparent splitting parameters inferred from the SKS phases and SKKS phases are different, and their variations no longer correlate with seismic stations. These features indicate that part of the shear wave splitting for the seismic data sampling the border of the VLVP has to originate from deep mantle, most likely near the border of the VLVP. We assume that the anisotropy in the shallow mantle beneath seismic stations has a horizontal hexagonal symmetry axis and infer the splitting parameters associated with the shallow anisotropy beneath the seismic stations using the SKS and SKKS waveforms for the seismic data sampling the regions away from the border of the VLVP. We then obtain the splitting parameters associated with the lowermost mantle anisotropy using the SKS and SKKS waveforms corrected for the inferred shallow anisotropy beneath seismic stations, assuming that the medium in the lowermost mantle also has a horizontal hexagonal symmetry axis. Our results reveal a complex anisotropy pattern near the border of the VLVP. Such a complex anisotropy pattern may be explained by lattice-preferred orientation of anisotropic mantle aggregates aligned by a complex mantle flow near the VLVP margins. The complex flow pattern near the VLVP margins may indicate strong interactions between the VLVP, a compositional anomaly, and the surrounding normal mantle, and may provide an explanation to the concentration of some hot spots geographically near the borders of the VLVPs in the lowermost mantle.
Introduction
[2] The ''African Anomaly'' is one of the two prominent low-velocity anomalies in the lower mantle [e.g., Su et al., 1994; Li and Romanowicz, 1996; Masters et al., 1996; Grand et al., 1997; van der Hilst et al., 1997; Ritsema et al., 1999; Wen et al., 2001; Ni et al., 2002; Ni and Helmberger, 2003a , 2003b , 2003c Wang and Wen, 2004, 2007; He et al., 2006] . It has a very low velocity province (VLVP) as a broad base near the core-mantle boundary (CMB). The VLVP exhibits an ''L-shaped'' form changing from a north-south orientation in the South Atlantic Ocean to an east-west orientation in the Indian Ocean, occupying an area of about 1.8 Â 10 7 km 2 [Wang and Wen, 2004] . Waveform modeling results suggest that the VLVP has rapidly varying thicknesses from 300 km to 0 km, steeply dipping edges, and a linear gradient of shear velocity reduction from À2% (top) to À9 to À12% (bottom) relative to the Preliminary Reference Earth Model (PREM [Dziewonski and Anderson, 1981] ) Wen, 2001; Wang and Wen, 2004] . These structural and velocity features unambiguously indicate that the VLVP is compositionally distinct, and can best be explained by partial melt driven by a compositional change, possibly produced early in the Earth's history Wen, 2001; Ni and Helmberger, 2003c; Wang and Wen, 2004] . A recent study further proposed that the VLVP may serve as an anchor to thermochemical plumes that give rise to three long-lived and relatively slowly moving hot spots in the South Atlantic and Indian Oceans and as source to the geochemical ''DUPAL'' anomaly [Wen, 2006] . The African Anomaly extends from the CMB continuously about 1300 kilometers into the mid-lower mantle with both sides of the anomaly dipping toward the apex beneath southern Africa [Wang and Wen, 2007] . The seismic data can best be explained by a shear velocity structure with an average velocity decrease of À5% in the base and of À2% to À3% in the mid-lower mantle, and a compressional velocity structure with a uniform S to P velocity perturbation ratio of 3:1 for the entire African Anomaly [Wang and Wen, 2007] . In addition, Masters et al. [2000] reported an anticorrelation of bulk sound velocity perturbation and shear velocity perturbation in the deep mantle beneath Africa. The density anomalies associated with the African Anomaly in the mid-lower mantle are also studied. For example, Ishii and Tromp [1999] and Trampert et al. [2004] suggested that the low-velocity anomaly in the lower mantle beneath Africa has a higher density, while Lithgow-Bertelloni and and Gurnis et al. [2000] argued that positive density buoyancy is needed in the mid-lower mantle in order to explain the high topography and the uplift rate observed in southern Africa. Our recent study on these geometric and velocity features, however, suggests that the mid-lower mantle portion of the African Anomaly is an integral component of the VLVP and the African Anomaly is compositionally distinct and stable over geological time [Wang and Wen, 2007] .
[3] Seismic anisotropy associated with the African Anomaly provides another valuable constraint on the dynamics of the anomaly. Seismic velocity anisotropy is a material property that seismic velocity varies with propagation and polarization directions. Two mechanisms have been proposed to generate seismic anisotropy: lattice-preferred orientation (LPO) of intrinsically anisotropic mineral aggregates [e.g., Karato, 1998 ] and shape-preferred orientation (SPO) of materials with contrasting elastic properties [e.g., Kendall, 2000] . For the LPO mechanism, the intrinsically anisotropic mantle mineral aggregates, such as olivine in the upper mantle, perovskite and magnesiowustite in the lower mantle and postperovskite in the lowermost mantle, are preferentially aligned along the maximal shearing direction of deformation-induced finite strain, causing seismic velocity to be higher along one particular direction than along the other two orthogonal directions [e.g., Silver and Holt, 2002] . For the SPO mechanism, anisotropy is generated when seismic waves propagate through a medium with materials of contrasting elastic properties alternately overlying each other [e.g., Kendall and Silver, 1996] . Over the past decade, seismic evidence has been accumulated to support the existence of anisotropy in the lowermost mantle.
Previous studies of direct S, ScS and Sdiff phases suggest that there is vertical transverse isotropy (VTI, in which the medium has a vertical hexagonal symmetry) in the lowermost mantle associated with both the high-velocity regions, such as those beneath northern Pacific and Alaska [Matzel et al., 1996; Garnero and Lay, 1997; Fouch et al., 2001] , Caribbean and central America Silver, 1996, 1998; Lay et al., 1998; Kendall, 2000; Garnero and Lay, 2003; Rokosky et al., 2004; Maupin et al., 2005] , Asia [Thomas and Kendall, 2002] and southern Indian [Ritsema, 2000] , and the low-velocity regions, such as those beneath central Pacific [Vinnik et al., 1995 [Vinnik et al., , 1998 Ritsema et al., 1998; Pulliam and Sen, 1998; Fouch et al., 2001; Panning and Romanowicz, 2004] , southern Pacific [Ford et al., 2006] , and Africa [Panning and Romanowicz, 2004] . In addition, evidence for azimuthal anisotropy was reported in a localized region beneath central Pacific [Russell et al., 1998 [Russell et al., , 1999 , Central America Rokosky et al., 2006] , and in the high-velocity regions beneath the Fiji-Tonga subduction region, North America and Eurasia [Wookey et al., 2002; Niu and Perez, 2004; Restivo and Helffrich, 2006] . However, the anisotropy associated with the African Anomaly remains unclear.
[4] In this study, we jointly constrain seismic anisotropy in the shallow mantle beneath seismic stations and in the base of the African Anomaly using SKS and SKKS waveforms. In the following sections, we present the seismic data, method and procedure, the inferred apparent splitting parameters, the splitting parameters associated with the anisotropy in the shallow mantle beneath seismic stations and the anisotropy at the base of the African Anomaly, and the implications of the inferred anisotropy in the lowermost mantle.
Seismic Observation, Method and Procedure

Seismic Observation
[5] We collect about 1600 SKS and SKKS waveforms of deep earthquakes recorded at distances from 90°to 150°by the seismic stations in three temporary PASSCAL broadband seismic arrays: the Kaapvaal seismic array (1997) (1998) (1999) , the Tanzania seismic array (1994 -1995) , and the Ethiopia/ Kenya seismic array (1999 -2001) , as well as the permanent stations in the Global Seismographic Network (GSN) deployed in Africa and Europe. The SKKS waveforms are processed with the Hilbert transformation to be consistent with the SKS waveforms for the same earthquake. A frequency bandpass filter of 0.02 -0.5 Hz is applied to all seismic data. From the 1600 waveforms, we choose 415 SKS and 111 SKKS waveforms of 127 deep earthquakes (Table S1 in the auxiliary material 1 ) on the basis of waveform quality, and obtain a total of 526 pairs of reliable measurements for apparent splitting parameters (Table S2 ). These high-quality seismic data provide good coverage for some portion of the VLVP and the surrounding areas ( Figure 1a ).
Method and Procedure
[6] Because of the P to S conversion at the CMB, the splitting of SKS and SKKS waveforms is affected by the anisotropy only along their propagation paths in the receiver-side mantle (the highlighted portion in Figure 1b ). In the study, we simplify our anisotropy model by assuming that anisotropy exists only in the shallow mantle and in the lowermost mantle, and the rest of the mantle is isotropic (Figure 1b ). That is, our anisotropy model has two single anisotropic layers with the first layer in the lowermost mantle near SKS and SKKS exit points at the CMB and the second layer in the shallow mantle beneath seismic stations ( Figure 1b ). The medium is further assumed to possess hexagonal symmetry with a horizontal symmetry axis in each anisotropic layer, and SKS and SKKS waves are split once every time they propagate through an anisotropic layer [Yardley and Crampin, 1991] .
[7] Our goal is to study the seismic anisotropy near the SKS and SKKS exit points at the CMB. We adopt a three-step approach. We first measure apparent splitting parameters (fast polarization direction and delay time) by minimizing energy on the tangential component of SKS or SKKS waveforms [Silver and Chan, 1991] . These apparent splitting parameters should be interpreted in the presence of two anisotropic layers. We then determine the anisotropy in the shallow mantle beneath seismic stations by searching the common apparent splitting parameters for SKS and SKKS phases that can be reasonably attributed to the shallow mantle anisotropy. Consistency of measurements for SKS and SKKS waveforms originated from the same earth- Figure 1 . (a) Map view of great circle paths (gray traces), locations of SKS (gray crosses) and SKKS (gray dots) exit points at the CMB, earthquakes (black stars) and seismic stations (black triangles and squares) in the Kaapvaal seismic array (1997 -1999) , the Tanzania seismic array (1994 -1995) , the Ethiopia/Kenya seismic array (1999 -2001) , and the GSN. The black contour represents the geographic boundary of the VLVP [Wang and Wen, 2004] with the dashed portion less constrained due to the nature of the seismic data. (b) Raypaths (gray traces) of SKS and SKKS phases. The splitting of the SKS and SKKS waveforms is sensitive to the anisotropy only along the propagation paths in the receiver-side mantle, highlighted in black. The gray basal layer above the CMB represents the VLVP, and the gray layer at the top of the mantle represents an anisotropic layer in the shallow mantle.
quakes is used to weight observations that contribute to the shallow mantle anisotropy estimation. Also, the common variations in the apparent splitting parameters with seismic stations, but not with the CMB exit points, require that the major cause to be at shallow depths beneath seismic stations. This turns out to exclude the seismic data that sample near the VLVP margins. After the anisotropy in the shallow mantle is determined from the SKS and SKKS data that sample the regions away from the VLVP margins, we remove influence of the inferred shallow mantle anisotropy beneath seismic stations on the SKS and SKKS waveforms, and obtain the splitting parameters related to the anisotropy near SKS and SKKS exit points at the CMB.
Seismic Results
Apparent Splitting Parameters
[8] We obtain 526 pairs of reliable measurements for apparent splitting parameters using 415 from SKS and 111 from SKKS waveforms (Figure 2a) . The apparent splitting parameters (fast polarization direction and delay time) are measured by minimizing energy on the tangential component of SKS or SKKS waveforms, following the procedures outlined by Silver and Chan [1991] . The apparent splitting parameters exhibit different characteristics for the seismic data sampling the border of the VLVP and those sampling the regions far away from the VLVP border.
[9] When SKS and SKKS waves sample the areas far away from the VLVP border, the apparent splitting parameters obtained using SKS waveforms are consistent with those obtained using SKKS waveforms from the same earthquake. Take the SKS and SKKS phases of event 1997/09/02 whose exit points at the CMB are in the interior of the VLVP for example (event 1 in Figure 3 ). Both SKS and SKKS show clear energy on the tangential component, diagnostic of shear wave splitting (see examples in Figures S1a and S1b). The apparent fast polarization directions obtained from both SKS and SKKS waves are consistent with each other. They change gradually from 11°N to 80°N across the seismic array from south to north, and rotate back to the North direction over short distances for the northernmost stations. The measured delay times obtained from SKS and SKKS waves are also similar. For all our collected SKS and SKKS waveforms originated from the same earthquakes, we observe small difference (the average is about 7°± 5°) in apparent fast polarization direction for the seismic data sampling the regions away from the border of the VLVP.
[10] The apparent splitting parameters obtained from the analyses of those SKS and SKKS waveforms also show a strong correlation with seismic station and weak dependence on the SKS and SKKS back azimuth. Here, we present several examples of apparent splitting parameters for the seismic data recorded by stations SA32, a station in the Kaapvaal seismic array, URAM, a station in the Tanzania seismic array, TEND, a station in the Ethiopia/Kenya seismic array, and KEG, a station of the GSN (Figure 4) .
For station SA32, the SKS and SKKS of event 1997/09/02 (event 1 in Figure 4a ) and the SKS of event 1998/04/03 (event 2 in Figure 4a ) sample the interior of the VLVP and their apparent splitting parameters are similar with a fast polarization direction of about 52°N and a delay time of about 1.1 s (Figure 4a ). For station URAM, the SKS waves of events 1-5 also sample the interior of the VLVP. Despite some scatter in the measured delay times, most measured fast polarization directions point to À5°N (Figure 4b ). Similar features are also observed for the apparent splitting parameters obtained using SKS and SKKS waves sampling outside the VLVP. For example, for station TEND, the analysis of the SKS waveforms of events 3 -8 yields similar apparent splitting parameters, with a fast polarization direc- tion of 29°N and a delay time of 1.5 s (Figure 4c ). For station KEG, the analysis of the observations for SKS and SKKS of events 9 -19 yields almost identical apparent splitting parameters, with a fast polarization direction of 23°N and a delay time of 1.15 s (Figure 4d ).
[11] Furthermore, the apparent splitting parameters obtained from the seismic data sampling away from the VLVP margins do not correlate with the exit points of these seismic phases at the CMB. They show variations for the seismic data sampling a similar area at the CMB (Figure 5 ), indicating that for those seismic data, the apparent splitting parameters cannot be explained by the anisotropy in the lowermost mantle near the exit points of the SKS and SKKS phases at the CMB.
[12] However, when SKS and SKKS waves sample near the border of the VLVP, we observe different apparent splitting parameters obtained using SKS and SKKS waves originated from the same earthquake. For example, both SKS and SKKS phases of event 1997/12/22 (event 2 in Figure 3 ) sample the border of the VLVP and apparent splitting parameters obtained from the SKS wave analyses show different fast polarization directions from those from the SKKS wave analyses. These apparent splitting parameters also differ from those obtained from the SKS and Figure 5 . Apparent splitting parameters (arrows) obtained using SKS and SKKS waveforms recorded by some stations in (a) the Kaapvaal seismic array, (b) the Tanzania seismic array, (c) the Ethiopia/Kenya seismic array, and (d) the GSN. These arrows are color coded by the recording seismic station and plotted at the SKS (black solid dots) and SKKS (black open squares) exit points at the CMB, with the arrows pointing to the fast polarization directions and the lengths of the arrows scaled to delay times. The exit points at the CMB for the SKS and SKKS phases are within a small area enclosed by the light blue frame. The gray contour represents the geographic boundary of the VLVP. Locations of these earthquakes (black stars) and stations (triangles) are shown on the inserts in the center.
SKKS waveforms of event 1997/09/02 (event 1 in Figure 3 ) whose exit points at the CMB are in the interior of the VLVP. For all our available SKS and SKKS waveforms originated from the same earthquakes, we observe much larger difference (the average is about 39°± 10°) in the apparent fast polarization directions for the seismic data sampling the border of the VLVP than those for the seismic data sampling away from the border of the VLVP.
[13] The inferred fast polarization directions, obtained from the SKS and SKKS waves sampling the border of the VLVP, no longer correlate with seismic station and they vary over small distance and with the back azimuth of the SKS and SKKS phases. For example, for station SA32, the (To) displacements, the radial (Rr) and tangential (Tr) displacements of SKS or SKKS waves after corrected for the shallow mantle anisotropy beneath seismic station (52°N, 1.10 s), the unsplit radial (Rc) and tangential (Tc) displacements of SKS or SKKS waves after further corrected for the anisotropy in the lowermost mantle. The vertical black lines show the predicted arrival time of SKS or SKKS based on model IASP 91 [Kennett and Engdahl, 1991] . (bottom left) Superposition of fast (black) and slow (gray) components, (middle left) uncorrected and (bottom left) corrected, and their corresponding horizontal particle motions (in millimeter), (middle right) uncorrected and (bottom right) corrected. (right) Contour plot of normalized energy on the corrected transverse component as a function of fast polarization direction and delay time. The solid black dot indicates the optimum fast polarization direction and delay time that minimize energy on the tangential component of SKS or SKKS waveforms, and the white area represents best fitting parameters at the 95% confidence level. The energy is normalized to that of the best fitting fast polarization direction and delay time at the 95% confidence level.
SKKS of event 1998/03/29 (event 3 in Figure 4a ) and the SKS of event 1999/04/05 (event 4 in Figure 4a ) sample the border of the VLVP. The measured apparent splitting parameters are different from each other and from those obtained from the analysis of the SKS and SKKS of events 1 and 2 that sample the interior of the VLVP (Figures 4a, 6 , and S2). For station URAM, the SKS phases of events 8, 9 and 10 sample the border of the VLVP, and the apparent splitting parameters for them are different from those for SKS of events 1 to 7 that do not sample near the border (Figure 4b ). For station TEND, the apparent splitting parameters obtained using the SKS of events 1 and 2 are different from those for the SKS of events 3-8 sampling outside the VLVP (Figure 4c ). For station KEG, the apparent splitting parameters for events 1 -6 are also different from those for SKS and SKKS of events 9 -19 sampling outside the VLVP away from the border (Figures  4d and S3 ).
Anisotropy in the Shallow Mantle Beneath Seismic Stations
[14] For the apparent splitting parameters obtained from the seismic data sampling away from the VLVP margins, because they are consistent with each other between those obtained using SKS and SKKS phases from the same earthquake and their variations strongly correlate with seismic stations but not with the SKS and SKKS exit points at the CMB, we attribute them to the anisotropy in the shallow mantle beneath seismic stations. Our rationale is as follows. If anisotropy in the lowermost mantle does not contribute to waveform splitting, the apparent splitting parameters obtained from the SKS waveforms would be Figure 7 . Splitting parameters (black arrows) inferred for the anisotropy in the shallow mantle beneath the seismic stations in (a) the GSN, (b) the Kaapvaal seismic array, (c) the Tanzania seismic array, and (d) the Ethiopia/Kenya seismic array. These measurements are plotted at the locations of seismic station (black solid dots). The splitting parameters for the shallow mantle anisotropy are obtained using the waveforms of the SKS and SKKS phases sampling the regions far away from the VLVP border (inside or outside the VLVP). The arrows point to the fast polarization directions and the lengths of the arrows are scaled to delay times. The dots without an arrow indicate null observations in the shear wave splitting analyses.
the same as those obtained from the SKKS waveforms recorded for the same earthquake because SKS and SKKS waves have almost identical propagation paths in the shallow mantle. In this case, the apparent splitting parameters would also strongly correlate with seismic station. On the other hand, those common apparent splitting parameters cannot be explained by anisotropy in the lowermost mantle because the observations for SKS and SKKS waves recorded by various seismic stations, but sample a similar area at the CMB, show varying apparent splitting parameters between stations ( Figure 5 ). In other words, when the anisotropy in the shallow mantle provides a reasonable explanation to the apparent splitting parameters while the lowermost mantle anisotropy does not, we attribute them to the shallow mantle anisotropy. The weak dependence on the sampling azimuth of the apparent splitting parameters for the data sampling away from the VLVP margins further supports our assumption of a single layer of anisotropy in the shallow mantle beneath seismic stations, as the weak azimuthal dependence is inconsistent with two shallow strongly anisotropic layers beneath seismic stations (for example, the lithosphere and the underlying asthenosphere) [Silver and Savage, 1994; Hartog and Schwartz, 2001] .
[15] We obtain the splitting parameters related to the anisotropy in the shallow mantle by averaging the apparent splitting parameters obtained from the seismic data sampling areas away from the border of the VLVP (Figure 7 ; see Table S3 ). Our obtained shallow mantle anisotropy beneath seismic stations generally agrees with previous results [Barruol and Ismail, 2001; Silver et al., 2001; Walker et al., 2004; Gashawbeza et al., 2004] , although the seismic data sampling the VLVP margins were included in the analyses of shallow anisotropy in those previous studies. This is due to the fact that the SKS and SKKS phases sampling the VLVP margins constitute a small portion of the data set.
Lowermost Mantle Anisotropy Associated With the VLVP
[16] After the splitting parameters for the shallow anisotropy are obtained, we remove the influence of the shallow anisotropy on the seismic waveforms and obtain the splitting parameters related to the lowermost mantle anisotropy on the basis of the splitting analysis of the corrected waveforms. The removal of the influence of the shallow mantle anisotropy is carried out by projecting the radial and tangential components of the SKS and SKKS phases onto the fast and slow axes of the shallow mantle anisotropy, advancing the slow component by the delay time and projecting the fast and slow components back onto the radial and tangential axes. We measure the splitting parameters related to the lowermost mantle anisotropy by minimizing energy on the tangential component of the corrected waveforms. Two examples are shown in Figure 6 for the SKKS of event 1998/03/29 (event 3 in Figure 4a ) and the SKS of event 1999/04/05 (event 4 in Figure 4a ) recorded by station SA32. While the inferred splitting parameters for the lowermost mantle anisotropy show, as expected, absence of shear wave splitting (dots and squares in Figure 2b ) in the regions away from the border of the VLVP, they reveal a complex pattern with delay times of about 1.0 s and fast polarization directions changing over small distances near the border of the VLVP (Figure 2b ).
Discussions
[17] The inferred complex anisotropy near the border of the VLVP may be generated by the LPO of intrinsically anisotropic mineral aggregates in the lowermost mantle. Because of the shearing between the surrounding normal mantle and the VLVP, strain accumulation near the border of the VLVP may orient a particular axis of the intrinsically anisotropic mineral aggregates to the local maximal shearing directions, causing azimuthal anisotropy near the border of the VLVP. The inferred complex anisotropy pattern suggests that the flow pattern is complex in the margin of the VLVP.
[18] A similar complex pattern of seismic anisotropy was also reported near the border of another large-scale lowvelocity province near the core-mantle boundary beneath Pacific, the ''Pacific Anomaly'' [Russell et al., 1998 [Russell et al., , 1999 Ford et al., 2006] , which also likely represents a chemical anomaly [e.g., To et al., 2005; He et al., 2006] . At the same time, Thorne et al. [2004] and Wen [2006] reported that many hot spots (for example, Reunion, Comoros, Bouvet and Shona) were geographically adjacent to the VLVPs. The reported complex anisotropy in this study may further indicate that the interactions of the VLVPs with their surrounding mantle are strong and generate complex mantle flow that gives rise to favorable conditions (such as local thickening of the bottom thermal boundary layer) for development of mantle thermal plumes near their margins. Such scenario is also consistent with the presence of strong small-scale heterogeneities at the core-mantle boundary near the VLVP margins [e.g., Wen, 2000] . The complex seismic anisotropy associated with the VLVPs would be useful for placing constraints on the dynamics of the deep mantle by coupling with geodynamic modeling [e.g., McNamara and Zhong, 2005; Zhong, 2006] .
Conclusions
[19] We constrain the anisotropy associated with a VLVP beneath the South Atlantic and Indian Oceans at the base of the Earth's mantle, using the splitting of SKS and SKKS waves sampling the region. We first infer the anisotropy in the shallow mantle by examining the consistency between the apparent splitting parameters inferred from the SKS phases and those inferred from the SKKS phases, the correlation of the apparent splitting parameters with seismic station and the exit points of the seismic phases at the CMB, and the azimuthal dependence of the apparent splitting parameters. Those analyses suggest that the apparent splitting parameters inferred from the seismic data sampling the regions away from the VLVP margins can be attributed to anisotropy in the shallow depths beneath the seismic stations, but not to anisotropy in the lowermost mantle. Those apparent splitting parameters are thus used to infer the shallow anisotropy beneath the seismic stations. We obtain the splitting parameters associated with the seismic anisotropy in the lowermost mantle on the basis of the seismic data corrected for the influence of the shallow anisotropy beneath the seismic stations. Our results reveal a complex pattern of anisotropy near the border of the VLVP, with splitting delay times of about 1.0 s and fast polarization directions changing over small distances. Such a complex anisotropy pattern may be explained by lattice-preferred orientation of anisotropic mantle aggregates aligned by a complex mantle flow near the VLVP margins. The complex flow pattern near the VLVP margins indicates strong interactions of the VLVP, a compositional anomaly, with the surrounding mantle, and may provide an explanation to the concentration of some hot spots geographically near the borders of the VLVPs in the lowermost mantle.
